Abstract--The importance of joining collaborations and maintaining relationships has significantly increased for industrial companies due to the globalisation of markets and the ongoing specialisation of companies. Consequently, adjustments in organizational structures are required by companies to fit the characteristics of industrial collaborations. With this, the complexity of collaborations in highly dynamic environments is increasing but often underestimated. This research is based on an EU founded project with the main goal to enlarge the knowledge of complexity in collaborative networks. In this paper we show the results of a questionnaire based survey identifying problems arising in such collaborative networks. Furthermore we link these problems to different system characteristics (e.g. network structure, trust, degree of commitment, coordination, change, etc.) and show how the problems and system characteristics influence each other based on case studies in two different collaborative networks. The research results in a generic model for complexity (GeMoC) in collaboration networks which is based on Beer's viable system model and identifies white spots in the existing complexity research literature.
I. INTRODUCTION
Over the last years, managers from industrial companies engaged more and more in collaborations due to the fact that information technologies and data-communication elaborated, globalization of markets increased, and firms engaged more and more in specialization [28, 35, 51] . These changes require adaptations by companies to fit the characteristics of collaborations. Managers need to address the increasing complexity of such network structures [10] . But what is behind the word complexity? It is vague, ambiguous, and there is no universal, precise definition of it [11] . Looking at the field of mathematics, several complexity measures, such as time-complexity, space-complexity, and communication-complexity exist [31] . As these definitions of complexity are not applicable for business questions, we turn our focus on complex adaptive systems [25, 26] as a starting point. In the EU founded project "Coll-Plexity" (Collaborations as Complex Systems), which is the underlying project of this paper, the implications of the complex adaptive systems were the basis to identify complexity dimensions that could cause problems in collaborative networks. These drivers are the following (for more details to these drivers see also Csáji et al. [11] ): (1) Uncertainty (e.g., limited information) (2) Dynamics (e.g., sudden or constant change) (3) Multiplicity (e.g., a large number of participating elements and influencing factors) (4) Variety (e.g., many types of elements) (5) Interactions (e.g., communication loads) (6) Interdependencies (e.g., feedback loops)
Within the project, we defined a system as complicated, if it addresses any of the six drivers. A system is defined as a complex system, if it can be characterized by the first two drivers and at least one of the last four.
Even though all collaborations are seen as complex systems, there exist some differences between the type of collaboration. Recent studies on successful networks strengthen the assumption that only two different paradigms of control in networks exist [5, 9, 12, 29] .
The first is the paradigm of guided networks. This network comprises features of hierarchical control in terms of first order cybernetics where the controller is a constituent element of the system. The fundamental specification of guided networks are hierarchical and focal networks. Guidance is realized by explicit planning of interaction in advance to execution.
Self-organized networks, the second paradigm, contain organic networks which are implicitly managed by Adam Smith's [43] invisible hand of an external context, not being explicitly a control element of the system (second order cybernetics). These networks can only be managed in an implicit way, which means non-deterministic coordination of activities. Aims in this type of network are reached by establishing an effective rule setting which canalizes network activities. Members of a self-organized network adapt their own complexity (i.e. activities, structure, behavior) to the external requirements as parameters of their context. Thereby a global order emerges as a result of congruent local interactions [44] .
Depending on the type of problem, either one of these two paradigms is effective. Intermediate forms are assumed to fail or evolve to one of the paradigms over time. On the one hand, creativity and effectiveness are more important than efficiency for innovation processes, which constitutes a paradigm for traditional technomorphous milestone-concepts. On the other hand, stability and instability issues of industrial networks might be driven by factors related to appropriate network control, although these driving factors have not been established yet [13] .
With the research paper at hand we aim at identifying possibilities to handle complexity in these two different network types. As possibilities to handle complexity within collaborative networks have not been of extended focus in research so far, we aim at closing the gap in this field by a basic work to define a generic model for complexity in collaborative networks.
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Figure 1: Network types
In doing so, we organize this paper as follows. After introducing the Viable System Model serving as the structural building block of our work, we introduce literature based system characteristics and questionnaire derived complexity problems which are interrelated in collaborative networks. These two factor lists are used to derive the generic model for complexity which will be validated in two case studies. The paper ends with a discussion of the results of the case studies, conclusions as well as the identification of white spots in the research field of complexity in networks.
II. THE VIABLE SYSTEM MODEL
Until today, the most advanced theory for assessing the viability of a system, as a collaboration symbolizes, is Stafford Beer's [1] Viable System Model (henceforth VSM). During his career as a psychologist Beer discovered that the human self needs five functions or systems respectively cooperating in a certain way in order to manage the complexity of life and remain viable [49] . Viability is the capability 'of independent existence' [2] . Later he transferred this idea to social systems like organizations and national economies. Here, a system is viable if it is able to react on environmental changes even if these changes have not been predictable at the time the system was designed [27] .
The model was mapped to a multitude of complex systems and thereby inductively confirmed in the sense that the five subsystems and their relationships proved invariant [2] . Until today the VSM is the only generic and concise representation of the architecture for structuring purposeful systems and the only sophisticated working-out of the implications of the founding father of cybernetics, W. Ross Ashbey's 'Law of requisite variety' in organizational terms [6, 27] .
The VSM contains five functional subsystems that are not identical with people and their job description in organizations. Rather, one person usually fulfils several of them. All five functions have to be in place in order to ensure the system's viability. With Jackson [27] , one can state that the VSM is a powerful model of any organization because it takes account of its recursive architecture without declaring elements to black boxes, due to the fact that it gives clear guidelines regarding command and control while preserving information flows as the true organizational glue and because it integrates the environment in a detailed manner.
For the purpose of the Coll-Plexity research project, whole networks of autonomous enterprises, the firms that hold membership in them as well as all their organizational subunits involved in network processes (even down to individual positions) may be regarded as VSMs.
Several industrial applications of the VSM for modeling organizations ranging from manufacturing cells to whole enterprises can be found in the literature. According to the experiments, the VSM can be successfully applied for supporting business process reengineering, improvement of knowledge management and complex IT system development [22, 30, 47] . In spite of these prosperous results, using VSM for modeling collaborations or networked organizations is surprisingly scarce; in fact, we could not find any related work in English.
A promising case study for describing a collaborative network of autonomous enterprises can be found in Schwaninger and Friedli [42] . The motivation for this work was supporting the improvement of a virtual organization, designing the control mechanisms for eliminating the potential problems, i.e., ensuring the viability of the system. The authors differentiated the build-up phase from the operational phase of the virtual organization, since some subsystems of the resulted VSM slightly differ in these phases. Although the described VSM was specialized for the studied network, it contains useful lessons and ideas for developing GeMoC, therefore we briefly overview its subsystems.
System 1 contains the participating enterprises; each one is having its own autonomous inner controls. System 2 is responsible for coordinating the common behavior of the enterprises and dampening the occurring oscillations in the network. This subsystem necessitates rather huge infrastructure due to the complicated challenge of harmonizing the behavior of individual enterprises. It contains different information systems, database and several controlling entities like brokers, service-and order management as well as a networkcoach after the build-up phase. System 3 is relatively small in the studied network, since decisions should be quickly made in order to minimize the delays. Instead of the profound optimization of the network behavior, the main goal of this system is the development of the requirements towards the potential network-partners and inspiration for the long-term improvement; done by the executive committee. System 3* consists of neutral auditors and special inspections for monitoring enterprises and helping to resolve the conflicts. System 4 chiefly deals with the strategic development of the network and innovations. The former task is especially important in the build-up phase when it is controlled by a network-coach.
In the studied case, system 5 is responsible for developing the identity of the network, specifying the goals and the high-level norms by a semi-annual assembly meeting.
According to Yang and Yen [49] , the subsystems 1-3 perform automatic management to achieve defined objectives, whereas subsystems 3-5 perform consciousness adaptation to the environment. To speak in management terminology, subsystems 3-5 are strategic functions.
We have decided to draw the lessons from the case study of Schwaninger and Friedli [42] , generalize their model and consider it during the definition of the GeMoC framework levels.
Coming back to Beer, he stipulates that an organization or network can only remain a viable system and survive in a potentially hostile environment, if 'it has the capability to match all the life-threatening variety states that its environment may display' [46] . Moreover, the VSM proposes the recursivity of the system; 'they are contained within themselves much like a set of Russian dolls'.
In our study of collaborative networks, we defined the recursivity in three different levels, namely the enterprise, collaboration, and network level. The main aim of the Coll-Plexity project is to propose an approach for describing and modeling complexity issues in collaborative production systems. This model should highlight the connections and relations between the different characteristics of these systems and the problems that arise in this kind of collaboration. According to this view, there are some fundamental drivers which arise in the system characteristics and the complexity problems. The (inter)dependencies of these concepts are described by different matrices. Figure 3 illustrates the core concept of our approach.
Matrices 1 and 3 are related to the system model; they describe the internal relations between the system characteristics and appoint the most relevant factors that affect complexity. Matrices 2 and 4 are similar to 1 and 3, but they focus on the complexity problems instead of the system characteristics. The main goal of matrix 5 is to create the mapping between the complexity relevant system characteristics and the complexity problems.
The following paragraphs will provide the needed information and data sources to fill in the content of the different matrices. To cluster the above shown system characteristics, we conducted a literature review on different disciplines related to the fields of networks and complexity, including evolutionary biology, computer science, graph theory, sociotechnical models and cybernetic management. From the lessons of these approaches, we developed a Generic Model Base (GMB) that contains an enumeration and descriptions of the common characteristics in both guided and self-organized networks.
The GMB is divided into four levels. The context management level accounts for the demand to implement guidance mechanisms in the Viable System Model. The objective context results from obvious latitudes of the companies operating in the network, such as non-intended rules of behavior, which emerge in the course of the process of development when individuals adjust to their environment or situational conditions. The interrelation level represents aspects of relationships between the companies that participate in a network or the collaboration. Finally, the enterprise level represents the dimensions that concern the companies that participate in the network, and that are required to display the complete network for each participating company. Besides their significance for the network, also the subjective perception of individual aspects of the companies is considered.
Each level of the GMB is divided into dimensions and the dimensions consist of 38 sub-dimensions. These subdimensions were identified as the system characteristics of the GeMoC. Since not all of the 38 system characteristics are equally important, we decided to identify the relevant ones. For this purpose we made an extensive correlation analysis among the characteristics. In doing so, we used the methodology of cross linked thinking. 8 researchers from the field of operations research participated in this step of the research project to give a broad insight into the relations between the system characteristics. Finally, we defined different measures of direct and indirect influences between characteristics and combined these into an Aggregated Complexity Value (ACV) that we used for ranking the characteristics. In the following formulas M1 and M3 denote the matrices 1 and 3 (see Figure  3) , while G1(i) and G2(i) are the secondary influence and dependence values from the cross linked thinking analysis [20] .
The general notations of this section are as follows: x n number of system characteristics (currently : 38) x d number of complexity dimensions (currently: 6) x i, j variables for system characteristics and complexity dimensions x M1 interdependency matrix for system characteristics (Matrix 1), "n x n" matrix x M3 complexity dimensions of system characteristics (Matrix 3), "n x d" matrix x M1(i,j) numerical dependence of system characteristic i on system characteristic j x M3(i,j) numerical dependence of complexity dimension j on system characteristic i x G1(i) secondary influence value of characteristic i from the cross-linked thinking analysis x G2(i) secondary dependence value of characteristic i from the cross-linked thinking analysis
Note that the values of M1 go from 1 to 5; and the values of M3 go from -2 to +2. The values of G1 and G2 are normalized; therefore, they are between zero and one.
The Direct Complexity Value (DCV), the Indirect Complexity Value (ICV) and the ACV of characteristic i are as follows:
where the denominators provide the normalization of the values.
We proposed a threshold value and call those system characteristics whose ACV is at least the threshold complexity relevant system characteristics. Table 4 shows the ACVs for all system characteristics and highlights the 25 relevant ones (the white ones are relevant, the grey ones are not). 
B. Questionnaire based survey on collaboration problems
The starting point of the deduction of the complexity models from problem specification and representation is the set of eleven complexity problem clusters, which are faced by managers in collaborative networks of production industry. These main complexity problems are the result of the analysis of a questionnaire based survey. The goal of this survey was the exploration of complexity-related problem fields in external inter-firm networks in manufacturing industries and the identification of core issues and main complexity drivers in this industry. Given these objectives the research strategy followed a heuristic and strong explorative approach. In accordance to this research method, there were no a priori defined hypotheses, but a purpose of an empirical investigation of possible complexity-related problems in collaborative network design and management of manufacturing industry.
For this reason we decided to use a questionnaire, which combined both closed and open questions. Particularly the integration of open questions led to the collection of a large assortment of qualitative data with broad explanations from the interviewees. These data contain important details about the objective of investigation and give deeper insights into real problems faced by managers. The questionnaire was distributed among European middle and big producing companies from following industry sectors: automotive industry, mechanical engineering industry and electronic industry. This allowed us to get in touch with many managers from different industries to ensure a good basis to develop the respective matrices. For this purpose the 296 relevant qualitative answers from this explorative study were clustered by text analysis to eleven more frequently mentioned complexity problems, which are presented and described below.
Interdependencies of collaboration partners:
In a collaborative network, there often exists an asymmetric power distribution. This leads to dependencies between the cooperation partners (e.g. the monopoly of a certain supplier, or different sizes of collaborative companies).
Strategic incompatibility:
If the strategy of collaboration partners (e.g. different goals and preferences, diversity in priorities, different business strategy) does not fit, the collaboration does not work efficient.
Lack of confidence:
The lack of trust and confidence (hold back the necessary and relevant information) can disturb a collaborative network or even lead to a termination of the collaboration, because a real win-winsituation can only emerge from a trustful partnership.
Cultural incompatibility:
The cooperation is less complex, when the partners develop a better understanding of each other national and/ or business culture (e.g. different views on the adherence to delivery dates, differences in the agreement on objectives) and accept it. The management of cultural differences as such is one of the most important issues in the management of collaborative complexity.
Heterogeneous customer requirements: An efficient
collaborative network can cope with the heterogeneous customer requirements. The main challenges are thereby the balance between the fulfillment of the different requirements of small and big customers, as well as the compatibility between the customer and own processes. 6. The establishment of partnerships: The degree of complexity in collaborations depends on finding a partner with a suitable business strategy and the capability of the existing network to integrate the new partner. The most mentioned challenge is the lack of a requirement profile for searching and selecting cooperation partners as well as the lack of tied relationships within the existing cooperation for the integration of new partners.
Misunderstanding in communication:
Within a cooperation there are often partners from different branches, industries and cultures. This could lead to different understandings and misinterpretations (Examples for complexity-driven challenges could be: "not speaking the same language", discrepancies in the agreement of objectives caused by cultural phenomena).
Insufficient and inefficient flow of information:
The complexity of cooperation networks could be reduced by distributing relevant information in time to the right people. Examples for these challenges are insufficient internal communication; lacking information transfer and incompatible information systems. 9. Inefficient network management: The degree of complexity in cooperations could be positively influenced by planning, steering and control (explicit or implicit).
The most mentioned challenges are slow decision-making processes, unclear responsibilities and sustainability of cooperations.
Inefficient knowledge management:
The complexity of cooperations can be reduced by externalizing of knowledge which was generated in this cooperation. One of the most important issues is the loss of knowledge caused by the exit of a competent cooperation partner and no retention of the generated knowledge. 11. Inefficient process architecture: The complexity of a cooperation network could be reduced significantly by coordinating process interfaces (e.g. lacking technological flexibility of cooperation partner; integration of different development processes and lack of process synchronization).
We performed similar correlation analysis as in case of the system characteristics and determined the ACVs for each problem. In doing so, two researchers from operations management and five representatives from each case study company were involved.
The conclusion of this study was that with exception of the problem "interdependencies of collaboration partners" all problems are relevant collaboration issues.
C. The Generic Model for Complexity (GeMoC)
In the following the developed generic model of complexity (GeMoC) and its parts will be described in detail. As described above the horizontal components of the GeMoC are derived from a multi-matrix approach. It combines the identified 10 complexity related problems and the 24 system characteristics that can be used to describe the network. The problems as well as the system characteristics are integrated in the framework of the Viable System Model and assigned to the different systems (system 1-5):
Description model of complexity related problems and their interdependencies (Matrix 2 and 4) Description model of system characteristics and their interdependencies (Matrix 1 and 3) Explanation model of interrelations between system characteristics and problems based on the Viable System Model (Matrix5) Figure 4 gives an overview of the generic model of complexity (GeMoC).
The model can be used to identify root causes for specific problems arising in complex networks. This can be reached by analyzing the relationship between the problem and the system characteristics. Thus the adjustment of the system according to the identified, influencing system characteristics can be executed in a more target oriented and systematic way.
Moreover the influence of a system characteristic is made transparent. As many system characteristics have an ambivalent influence on the network this is significant for the way problems needed to be solved. Therefore the effects of a changing characteristic can be anticipated. For instance the adjustment of a characteristic in order to heal a specific problem may cause other, maybe more significant problems. Figure 5 illustrates this aspect. The system characteristics 1 to 4 show a positive influence on problem 1, while the adjustment of system characteristic 3 causes problem 2. By using the GeMoC the decision to change the network can be made more reliable as potential arising problems are known to the network manager.
To validate this more or less theoretically driven model, we now show the results of two case studies, one conducted in a guided network, the other conducted in a self-organized network. In both case studies, we focused on the complexity problem "strategic incompatibility". With this procedure, we tried to find out if the GeMoC is deployable for both types of networks or if differences of the applicability in the network types exist. 
IV. METHODOLOGY
The research is based on two case studies involving one manufacturing company with headquarters in Germany and one research & development company with headquarters in Switzerland, both Western Europe. We have chosen companies located in this area for several reasons. Both countries are high-cost countries in term of labor costs. During the last years, the production of many standard products has been relocated or parts of the production have been outsourced to low-cost countries. Companies located in Switzerland and Germany are facing dynamic markets, high competition and high price pressure. Even though the selected companies have different strategies, they are similar in that they both have established collaborations over the last couple of years to face the dynamics of the environment and stay competitive.
We have conducted an explanatory research approach [16, 17, 38, 45, 50 ] over a time period from December 2006 to December 2008 that involved 60 semi-structured interviews with general managers, strategic project leaders, manufacturing managers, supply chain managers, and purchasing managers of the respective companies. The companies were chosen because of their qualification to generate usable results rather than because of their representativeness [19, 32] . Eisenhardt and Graebner [17, pp. 26-27] recommend that the case study approach is particularly suitable for topic areas not well documented, which suits our topic of interest. In addition to the interview data, we used multiple data sources such as archival data, industry publications, manuals, and company documentation. Our goal was to gain insight into the question of the meaningfulness of the viable system model, the plausibility of the multi-matrix approach, the plausibility of the identified system characteristics, problems, and their relationships, as well as the disclosure of hidden effects of the identified relationships between system characteristics and complexity problems and vice versa. We shared our developed theories and concepts with industry participants as well as with other researchers. This process also included iterations of critical semi-structured review discussions with the interviewees of the companies [14] .
V. CASE STUDIES
In order to preserve anonymity, imaginary company names will be used instead of the real ones.
A. Fashion Inc.
Fashion Inc. is a vertical integrated manufacturer for apparel products. It designs, manufactures and sells underwear for women, men and children to independent retail and department stores that have a main focus on the European market. The marketing and sales department as well as the design department and logistics are hosted in Southern Germany. Overall, Fashion Inc. employs over 2300 people, whereas 1800 employees work in the production facilities in Easter Europe. The value chain of Fashion Inc. covers all steps from the production of the fabric to the finished product. The company sources some 55 percent of its finished products from their own production facilities and a further 45 percent from external suppliers, mostly from Asia. In 2007, Fashion Inc. generated revenues of approximately €200 million, whereas 80% of it have been achieved in the German speaking markets (Germany, Switzerland, Austria). The cloths Fashion Inc. is selling are positioned in the middle to upper price segment and with this are in a high competitive market.
To cover the complete value chain, Fashion Inc. has an internal network, including design activities in Germany, fiber and fabric development in Switzerland, fabric production and packaging in Czech Republic, and confectioning in Slovakia. In this case study, we focus solely on the internal network and do not include discussions about buying partners. This network is considered as guided network as headquarters of Fashion Inc. defines the process and information flow within the collaboration of the different involved sites.
In order to fulfill the strategy of becoming a vertical integrated manufacturer, Fashion Inc. had to develop its network further. At the point of time in 2004, the company needed to integrate a fabric development unit, and a production unit to the existing network. To get these functions, Fashion Inc. purchased two additional sites, one in the Czech Republic and one in Switzerland. Highest priority in selecting the new network partners was the ability to fulfill the expected functions. Fashion Inc. knew that it was impossible to expect the new partners to have the same ICT structure and the same strategy in mind so they expected the new sites to adapt to the new ICT and strategy. Next to this, the culture of the two new network members were different from each other and from Fashion Inc.'s headquarters. Especially the Swiss site was expected to have the same mindset but the fact that this site was a development site with completely different values was neglected. In production, efficiency, cutting costs, low throughput time are some of the most important issues whereas a development facility follows values such as effectiveness, high quality developments where costs are only second priority. The members need freedom to think of their developments and do not follow clear structures. Even though the network is guided, the circumstances cannot be neglected and had a strong influence on the success of the network. All these problems had to be handled in order to reduce the emerged complexity within the new network.
B. Virtual Company Inc.
The Virtual Company (VC) community is divided into three levels. The first are three different clusters, of one which (Virtual Company Lake of Constance (VCLC)) consists of 20 companies in the metal-working industry mostly from engineering and manufacturing. The second level Virtual Company Inc. (VC Inc.) takes over the sales and project management operations of its three community clusters and represents the collaborations respectively partnerships of the network. Finally, there are the individual companies which constitute the base level. In line with the recursive framework of the Viable System Model (VSM) the community with its clusters represents the network level. The companies work directly on the enterprise level, whereas their cooperation intra-and inter-organizational with VC Inc. are described on the collaborative level. The network is considered as a self-organized network due to the fact that companies can join into the collaboration for one product and leave the collaboration whenever there is a product to be produced the respective company is not interested in or has no knowledge or capacity to add. With this, the collaboration is a consortium of loosely coupled companies and the collaboration is build up new for every new product to be produced.
In the beginning of July 2008, the small company Surface Inc. applied for admission to VCLC after Machinery Inc., one member of the consortium, had informed them about the network. Machinery Inc. evaluated that the surface treatment competency offered by Surface AG could close an existing gap in VCLC thus invited the small member to become a part of the community. Their official interest in the network activated the member admission process, as defined in the code of conduct.
Generally, the admission process is open for companies of the manufacturing and service industry. Applicants receive preferred admission to VCLC if the range of products substantially supplements VCLC's technology and competency spectrum, whereas gaps in the range of products are to be actively and systematically closed. Special attention is given to applicants who offer engineering, construction, manufacturing, testing and logistics in the field of industrial production or have own products, e.g. components, aggregates, machines or facilities, in the consumer goods or industrial goods industries. Competition on the competency and technology level is explicitly desirable to the extent that through admission of new partners specific competencies and technologies exist in various partner companies. Competition on the finished goods level between partners in VCLC is to be avoided, except if the respective partners agree otherwise.
The admission procedure is divided into seven phases. (1) In the pre-phase, the assigned network coach conducts the marketing for the new partner. This consists of sending VCLC related information, the valid terms of admission and membership as well as the form "Application for admission to the Virtual Company Lake of Constance". (2) If the applicant decides to apply for membership he has to fill the form and provide significant company information such as the company profile, brochures, range of products, machine list etc. (3) During the information phase the network coach sends out the application form package to all members of the executive committee. The network's responsible person for the "admission of new members" takes over the function of accompanying the applicant and acts as the communication channel between the applicant and the network. (4) During the opinion-making and objection phase every VCLC member has within 10 days the possibility to either give a founded veto or apply to assess the applicant. (5) Subsequently, in the assessment phase, the network coach has to arrange a date for a one-day assessment between VCLC and the applicant. Every VCLC member who has made positive use of phase 4 can take part in the assessment day. The executive committee elaborates the assessment criteria which are binding for the assessment. In addition to this document, the filed objections are analyzed. The network coach has to summarize the findings no later than 20 days after phase 4, which has to include a recommendation and is to be sent to the responsible person for the admission of new members. (6) The latter informs the executive committee about the results of the assessment who on its part has to decide within 10 days whether admission is granted or not. During this decision phase, the executive committee bases its decision on the admission criteria, the objections and the assessment, whereas it is authorized to gather further information of the applicant by any means. Admission is then granted by the simple majority of the executive committee members, as well as possible conditions to the admission grant. The executive committee subsequently informs the network coach about the result. (7) In the post-phase, the applicant gets informed about the executive committees' decision. The applicant becomes a member of VCLC after a positive grant is decided, the contract is signed and the downpayment is made. The network coach, responsible for network design, has to organize and conduct the instruction of the new member into the network. Parts of these instructions are the full list of code of conducts and basic principles of the Virtual Company Community. The instructions are given in the course of an interactive training day.
The admission of a new partner evokes several implications to the active network design. Problems arise if the potential new member competes in product markets of current members or if there exist strategic, cultural or operative misfits between the new member and the network. In the case of Surface Inc. the admission had been dealt with the simple two-stepped process. The question is, whether both company and network had received adequate decisionmaking support or not. Although the admission criteria were set clear enough, in order to make substantial decisions on the suitability of Surface Inc. towards membership to VCLC, and resulting in a positive feedback, the admission process leaves much open space for interpretation. Primarily, the content of the assessment set up by the executive committee is not defined clearly. The definition of the assessment criteria should be standardized in a way to address potential problems in a structured way. Potential problems matched with relevant system characteristics and canalized to the different levels of the Viable System Model could help improve this criteria catalogue. Interesting in the case of Surface Inc. is, that because of a lack of surface treatment companies, Surface Inc. was able to close the gap and is now in the process of aligning its strategy to fit the network. Objections to prevent admission had not been filed, because there was no direct conflict with existing members. Moreover uncertainty prevailed the discussions whether the company could fulfill the high quality standards or not. Further talks with Machinery Inc. and the assessment had proven the small and innovative company would be capable of fitting into projects and would be able to keep up with network demands.
As described above the admission process defined by the code of conduct set up by VCLC evokes the question whether the elements of assessment are sufficient and substantial. In order to check if the problem itself and the situation had been analyzed comprehensively, the problem of strategic incompatibility is described below with figure 6. However, further problems occur including the lack of confidence, cultural incompatibility and the establishing partnerships. The issue of creating strategic incompatibility by accepting Surface Inc. must be handled with care. Figure 6 shows the problems on the left and system characteristics on the right. This example is specific for the problem of strategic incompatibility. The black arrows describe direct influences of characteristics, whereas the grey dashed arrows represent further influences of system characteristics on additional problems.
According to the vision of Surface Inc. and the vision of VCLC in principle no collisions should occur. The objectives of both the enterprise and the network can coexist, whereas only the surfaces part of the enterprise is compatible with VCLC. The other part is a body shop for cars, which does not fit. Therefore, the network related activities of Surface Inc. must be realized with the necessary caution and should also be included into the vision of the enterprise. Furthermore, the ICT structure of Surface Inc. must be updated in order to avoid collisions when collaborating, because the structure is not designed for collaborations, where information flow must be guaranteed at any time. The characteristic on the collaboration level intensity of networking direction describes that with growing partnerships the understanding each other's strategy improves which improves the compatibility of strategies prior to creating collaborations. This implies that in order to strategically align Surface Inc. with the network, the enterprise needs to be highly involved in collaborations which furthermore can improve other issues arising from integrating the enterprise into the network. This implies that the assessment of Surface Inc. should include dealing with the identified system characteristics and if necessary set up conditions for the admission.
VI. DISCUSSION
The cases showed how the approach of the GeMoC can be translated into a real case. The main task of the model lies in analyzing the processes and giving information on how to deal with complexity related problems in the most effective and efficient way. The leveraging points defined as system characteristics should help the network, the collaboration and/or its management to identify how to reach the target of reducing complexity. The responsibility of conducting the model application naturally lies within the competencies of the network and ultimately the executive committee. However, in order to receive substantial information on which problems occur, the problem reporting should come from the collaborations itself. The GeMoC in this form would however have to be supported by a tool which could visualize the effects of changing the system.
Promising to close a gap in network theory, the consortium draws upon the hypothesis that there exist only two different paradigms of control in networks (see figure 1 ).
All intermediary forms do either fail or evolve to either one of the two forms over time. Namely, the first is the paradigm of "guided networks", which comprises features of hierarchical control in terms of first order cybernetics with the controller being a constituent element of the system. The second paradigm is the "self-organized, organic network" which is implicitly managed by Adam Smith's [43] "invisible hand" of an external context, not being explicitly a control element of the system (second order cybernetics). Hence, stability and instability issues of industrial networks and collaborations might be driven by factors related to appropriate network control, although these driving factors have not been established, yet. Only with the proliferation of the network paradigm the "hierarchical" approach towards control has lost its charm and attention in science. Inspired by the Zeitgeist of the late 1980's, the trend of decentralization and the postulation of non-hierarchical, participative and distributed control in society and organizations also entered the field of complexity science. With the increasing number of elements in artificial systems -turning them into net-like entities -their control is becoming increasingly complex. This makes the deterministic, top-down approach to systems control inefficient, if not impossible, especially against the background of a highly dynamic environment.
In reality organizations are not clearly associated with an ideal type, but instead it is necessary for a viable organization to combine hierarchy and heterarchy. Scholz-Reiter [39] shaped the principle of heterarchical hierarchy, which states that an organization realizes its goals of system retainment, efficiency and dependability by containing at least one intrasystem, intersystem and functional hierarchy. At the same time independent decisions will be made on several levels and fixed hierarchic chains of command will be replaced by relationships of mutual information flow.
The results of the evaluation workshop series states the hypotheses that in reality there are no ideal types of networks. Both pilot networks use different types of control and management mechanisms. Therefore the appearing complexity-related problems are not very different. As the GeMoC was validated with Virtual Company and Fashion Inc. it addresses both network types. The structural differences are worked-out with the help of the Viable System Model on the vertical levels.
In general, all case study members agreed on the meaningfulness, plausibility and applicability of the GeMoC. But, by intensifying the quantitative analyses, especially for the system characteristics on the horizontal level, the functional chains associated with possible adjustment actions could be made predictable. Summarizing, the following table shows the opinions for the topics being asked to analyze during the case study. 
VII. CONCLUSION
This research project examines the applicability of a Generic Model to handle complexity in collaborative networks. In doing so, a comprehensive literature analysis was conducted to derive system characteristics describing collaborations. Furthermore a questionnaire based survey was sent out to derive complexity problems existing in collaborations. Based on these two lists of factors as a starting point, a generic model for complexity (GeMoC) was developed and tested within two different case studies. The case of Fashion Inc. represents a guided network, whereas the case of Virtual Company represents a self-organized network. Findings of our study is that the GeMoC is applicable for both case studies, no matter what kind of network is chosen. For researchers, this study can be seen as a starting point to dig deeper into the field of complexity in collaborations, an underdeveloped field in research until today. This study furthermore shows that complexity has multiple facets which need to be analyzed differently. The viable system model and with this the developed GeMoC represents a good starting point to conduct research, as problems and system characteristics differentiate on the enterprise, collaboration, and network level.
There are a number of limitations to this study that may also represent excellent future research opportunities. This study only examines two cases, one representing a guided, the other one a self-organized network. As a common criticism in case study research, the generalizabiltiy of this study is not given. More work needs to be done to figure out if there exist significant differences between the two network types that have not shown up in our two cases. Furthermore, we assume differences whether a network focuses on R&D or production. As we started this research project, we aimed at analyzing the GeMoC on both, the type of the network (guided vs. self-organized) as well as the functions (R&D, production) being involved in the collaboration. The type of networks was analyzed, the impact of the functions involved was not. Researchers could take the perspective of different functions within a network and analyze these impacts on complexity in networks as well. Next to this, a questionnaire based survey can be conducted to verify the system characteristics we only derived out of a broad literature review and then excluded based on an analytical procedure. A questionnaire based survey might lead to different results regarding the inclusion or exclusion of system characteristics. Furthermore, the applicability of the GeMoC should be further tested by enlarging the validation scope that is to explicitly analyze other problem clusters. As these few example show, there is a lot of potential to work on to complete the knowledge about the complexity in networks.
